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Ab stract

The fac tors  c o n t r i b u t ing to the vi s i t u  I i  tv of subm erged I . i tgo t  s are di SctIs’Imi and the data l’equiretnetlts
for calculat ing submerg ed cont rast and contrast  t r ansmi t t ance  are developed . ku instrt snent capable sit
making the measurements of the optical properties of seawater need ed t o t  ~i cihiIi t v calculations i’.
described . The instrument incorporates proven features of previous spectra l t ransmisscsncters and ,~~cauw’-graphic illiaiiinaneters into a sing le imit tha t can he operated through standard S’TD cables up to SITt1O
meters in length. It can , as a result , be used on tm)st oceanograp hic v ess e l s  wi tho u t  requir ing the addi t ion
of a special winch and cable. The instru itent system u t i l i : e s  a unique microp r ocesscr r - contr o l led , d i g i t a l
data acquisition and cceriand system. This system performs the cont rol and data transmission functions for
eight underwater data channels through the armored , sing le w i r e  Sill cable. The total instrument s f l s t e rn
includes an UP98308 desk-top cooputer for data processing and recording, with an interconnected plotter
for the real time plotti ng of the measured variables .

Introduction

An instrument has been developed for the U.S. N ival Oceanographic t~f t l L C  which  performs the measurements
necessary to determine the water reflectances and attenuation coefficients that •ire s i gn i f i c a n t to the
assessment of submerged visibility . The determination of the visib ilit y of a submt.’m ged tubie ct t t’sfuires
inowledge of the contras t of the object agains t i ts water background , the extent  t o  which this contrast is
attenua t ed by the water between the obj ect and the observer , and , if the viewer is  .ibove the surface , the
contrast loss  at t he water surface. While contr as t is defined in terms of the luminance oh the cihiect am-si
the luminance of the surround ing background against which i t  is viewed , it is more generally usefu l to
express the contrast in terms of the ratio of the reflectance of the object to the app ro pri ate water re
flectance. Such reflectances are dimensionless and have the advant age over luninan ces that the •tre
essen tiall y invarian t w i th depth in vert ical ly  homogeneous water. The contrast attenuation e’f the water
may be determined from the diffuse attenuation coefficient , K , and the vcrlirme b r  t’eIUn) attenuation co-
efficient, c. These concepts will be further discussed under “Data Requirements for Suheierged k ’ i s ib i l i t v
Calcula t ions. ”

The instrument has been designed to work throug h standard SIt) or CTD w i r e s  up to  t Ihi  meters in l ength ,
thereby making i t readily usable on most major oceanographic vessels without the need t s’r addit iona l
special winches and cables. Although the instrument functions through cables capable of readung abvssal
depths, the determination of visibility of submerged objects is primarily a matter or concern in the uq~per
regions of the ocean. Consequently, the instrument has been designed to opera te to  max unun dep t hs of S00
meters.

The following variables are measured :
Ebwnwelling illuninance, Ed ,  in the water;

• Upwelling illuni nance , E.d, or alternatively, upwelling luminance , L0, ui the water ;
Downwelling illuninance , E0, above the water surf ace;
Beam transmittance , T , at any of S operator selectable wavelengths ;
Instrument depth, 2;
Water tempera ture , t ;

• Pitch and roll of the instrument.
The purpose of measuring E4, E~ , L, , E0 and I will he discussed below. The requirement for knowledge t ’ t
the inst rument depth is obvious . The water t emperature is useful in interpret ing the vertical optical
stn~~ture in the water coluim s ince variations in the optica l properties are frequently correlated with
therumal features. The pitch and roll information is used only to determine the attitude of the irr adianc e
sam.sors. Should the collecting suifaces of these sensors depar t from horizontal to a significant extent
due to instrument wire angle, it would be necessary to discard the data until the attitude could be cor-
rected by adding additional weight to the instrument or by adjusting its suspension bridle.

The data from the instrument is provided to an UP98308 desk-top comq,uter used 1w the Oceanograptuc Of f ice
for a var iety of shipboard data acquisition arwi processing tasks. The data may be recorded , listed, plotted,
~ id c~~ uuta tjons of the reflectan ces and attenuation coefficients performed in real-time by the 9830B and
its associated plott rT .
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Data ResLuerement s for Sut er~ed Vis uhilit ~- Calculat ions:

the ..- c f l t  r . i st  ,t f an ~ub~ a-c t mj av tie defined as follows :

I L
C -  -4

~~

--

~ 

( 1)

where c t —  the universal contrast ,
is  the luminance of the oh~ec t or “ target ” ,

and
Lu• is the luminanc e of the surrounding water hac kground against which the 5’btect i s  v i ewed .

The con t r a s t  of the object when vie w ed from close aboard is cal l ed the inherent contrast , C~, .  and tha t
when viewed over a path of length r is  called the apparen! contrast , Ce- . The ratio Cr /C0, us the cont rast
tran stn itt aruc e, 

• for the path. I t can be shown (~ . g . ,  see Ref 5) that

— ~~~~~~~~~~~~

where c is the vo lume attenuat ion coefficient
K is the diffuse attenuat ion coefficient

and ~ is the angle between the path of sight (direction of flux travel) and the :enith (see F ig .‘) .

Z.n,th

f ~~~~~~~~~~~~~~~~ \ 1
j  L

~~~~~~~~~~~~~~~~~~~~~~ Th
Fi g. .‘. Contrast Concepts
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I t  is  hel pful  to r ewr i t e  Ee1~ .’) in terms of the depth d i f f e r e n c e , , between t h e  point  c’f observation arwi the
target Idepth increases positively in the downward direction). Thus, ‘ iiic e — r os

— e (cr~kz) - i2~~)

see tha t  contrast  t ransmittance is  ccaiqiosed ~‘f two c crmponent s , the t l r - t , e , i - . the bean transmittance ,
1, for the path of sig ht , i.e. , T - c- c r ) ,  and the  setond is the i l lun inaz ice  ~ran-.inittance e L for the
depth d if ferenc e , , between the ends s-u t  the  ; a t h .

The v i s i b i l i t y  of a sutinerged target  w i l l  depend on the apparent cOil tI.I’t , 
~r ’ 

which i t  mskes w i t h  i t s
background . This , as we have seen , is the produc t of the inherent  u n t r a s t  - 

( ,, c f  the  objec t and the con-
• t ra s t  t ransmi t tan ce , T r ,  of the intervening p a t h .

The luminance ci the t arget , L t ,  mar he determined from the reflectance of ~he t a r g e t  surface , R t ,  and
the illurt inanc e incident  on th i s  surface.  lee w i l l  r e s t r i c t  our concern t o  t a r g e t s  tha t are view ed from

• above , hence au-c i l l u m i n at e d  by the uie-w n w e l l i n g  i l lezni n anc e , Ed. I t  s,, l]  he fu r t h e r  asci.aite,J that the
target  surface is a lamhert iaj i  r e f l ecto r , i c . , tha t  the  t a rge t  luminance  may t’e determined from

- Ed ( )  ~~ (3)

The water  also has a re f lec tance  tha t  cart he used to determ ine the s , u t t ~t h m s k ground l crumn .uice. The most
comm only measured wate r  re f lec t anc e is the i l lu m in an c e  r a t io

R - E / E  - (4 )
w u d

It  is not sufficient , hoe- ever , to assume that  the water  is a lainhertian reflector since mea-urt-rients 5uf the
angular  r adiance (or luminance)  d i s t r i b u t i o n  in wa te r  have shown tha t  there  i - s  a - s i g n i f i c a n t depar ture  from
the  uniform angular d i s t r i b u t i o n  tha t obtains  for l ainbert ian surfaces .

The upwe l l i umg i f lunAn ance E
~ t )  s related to the iqmcell ing luminance l ( : , t- . ’1 hr

ui

1 ( )  — - 
-~ J L ( ,

~ ~ ) c c i~.t d cL (S~U 
~~~~~ ~~0 ~

where ~ and ~ are the zenith and azimuth angles of Ln, respectivels , •end the solid ang le , d~ — Sintid0d~ .
In the case where L

~(z .e,~ ) is the sane for all ‘ ~~~ i.e., is uniform ly distribu ted, 
-

- L0(:) - (ti)

In the general case where ~~~~~~~~~~ ~ constant there is , of course, no sing le factor that can be used to
rela te E,~() and L4 ( , e ,~~). it is helpful , however , to consider the special , hu t impor tant , viewing geometry
where the observer is looking direc t ly downward . In this case the background is L

~
(Z,O), i. e., the nadir

luminance , and we can define a fac tor , Q, which relates E ( )  to L
~(,

O) in a manner similar to 13q.(b). Thus

E~(Z) - Q ~~(~~O),

and when ~~~~~~~~ - cons tant , Q ii and Fa~.(b ) reduces to Eq.(fl. Austin ’, using radiance distributions
obtained by Tyler ‘‘ in Lake Pend Oreille and recent unpublished measurements of eqiwelling spectral radiances
and irrad iances, has found that Q as defined in Fa~. (6)  generally has a value close to S in wa ter deep enough
to preclude significant return from the bottom.

The nadir luminance may be determined hr combining Eqs.(4) and ( 7 ) .  Thus

L(:,O) • 
E (:) 

- 

~~ 
E~ ( )  (8)

The inherent contrast at depth may be expressed as

I (Z)
C ( )  — -l  (9)



md u sing I.p. . ~~~l and ( S I  we obtain

~~ 
1

— ~~-~-- — - - I - (11 1 1

Final  ~s combining i~~ s - ~a .uwl (111 1 we obt .iin the relat ionship for the apparcuit out rast ci t  an obt eu t a
d i s tance  : below the observer in th~ nadir direction , i.e.,

C - 
~~ ~-~ c.K ) - (Il l

From [il . Ill ) we see that  the wat er  p rop er t i e s  w h i c h  deterrt ine the .~‘;a u rut ou t rast are :

~~t R , the  water  ref lectance c’r illuumina nco rat io
t i )  QW 

the r a t i o  of ~~weI I ing i 1 luminance to upwel 1 ing livtirtaxic e
the volume a t tenuat ion c o e f f i c i e n t  for th ~ w a t e r  end

.i) K • the d i t f u s e  at t e n u a t i o n  c o e f f i c i e n t  for  t h ~ water.

The water  t e f l ec tance, Re-, , near tie’ determined in , ic5ordluicc ’ t o  h~. C~~ 1 i ron the measurements  of tq-uwell ing
and downwe ll ing i lliriinances. The Q-d e tenut in ~it ion rue- be nude t ’e ‘uut ’a ’.Cir ing the iq iwe l l ing luminance at the
nadir and the i -tw-el l in g i l lunu inanc e in accordance w i t h  h~. ( ) .  howev er , s ince  Rw and ~ appear as a ratio
in Eqs. (111) .uwi ( 1 1 )  there i s  l i t t l e  m e r i t  to m aking separ :ut en ute te umnuimu at  ions and the preferre ’d proc edure
would be to determine  the i r  r a t i o , ~~~~ directly 1w nuea-.um ing t d ( t  and 1 ( 2 ,0) s i n c e ,

R L (2 ,0)
w U (1.)

The volume attenuation coet t i c ient , c , mar he determined from t ht- beam t r.uesmittance , 1. Thu-u-

C — - La I (m ’ l (131

and since r , the measurem ent path length in the t i ,msm isscaueete r , i- s l Cl meter , t hi s  red uces to  s

C — - lit I (m~~)

The d sf fu se  a t t enuat ion  coeff ic ient , K , tha t is required for the s c u t i t t a s t  transmi tt.mce ts.luatmon is that
associated with the mquwelling luminance L11 (). Thus if the luminance is  measured at dep t hs ansi 2 ,, then

-: 
L~~~~ :, ) • i (~~ l e K1 ( : .  :~) 

(141

and

L ( , )
Pc
1 

w—w— tfl 
~~~

-
~

w -,
~
- (m ’1 - ( l 4 a )

An al ternative expression

- - l  dL( )K - ~ -~v~- —nw-— (m 1 (15)

is rigorously correct but does not lend i tself to the computation of Ii as readi ly  as Eqtl4a ). Expressions
similar to Eqs(l4) and (14a) may be written for the downwelling and i uwelling illusinance fields and the
thr ee resul t ing K ’ s will rapidly converge to a coemimiun asymptotic value as the depth increases beyond

1/K meters. Now since the ,wt,unt of flux available to the instrument in the upwelling luminance measure-
ment it 1000 to ~o(~t~ times smaller than in the downwelling illuninance measurement, it is possible to
determine a sattsfactory K for contrast transmittance computations from the Ed() profile to significantly
greater depths from the L~(Z ,n)  profile. It is expected , therefore , tha t the mast of the diffuse attenuation
coefficient determinations will be made from the doe-mwelling illuiunance profiles and onl y when there is
reason to expec t a significant difference in K near the surface would the luminance profiles be used . Such
a situation mig ht be indicated , for exaeple , if the transatissometer prof i le  showed the presence of a dis-
t inct change in water properties in the first  1/K meters of water.
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Fig. 3. Schematic and block diagram of the instrument system,

Subsurface Illunmrncin eters

The measurements of downwelling and iquwelling ilhrinance , Ed and E.~, are performed with illuminometer
sensor emi ts identical in design to those used previou slv i for visible lig ht penetration and reflectance
studies in ocean water. They consist of selenium photovo ltanc detectors (1~eston Model $~c’ fi tted with
i spectral correction filter to give t han spectra l responses matching the phot cup ic luninous et fuciencv
func tion. %~ith this sensitivirs- the sensors can then be cal ib ra t ed  u-i photopuc emits such as c,mdelas
per square foot (foot-candles), candelas per square mete r (lux ) etc. The photod ector is mounted behind
a special lv designed underwater collector surface which provides the sensor w i t h  an angular response pro-
port ional to the cosine of the angle of incidenc e of the incoming l ig ht , as required for the measurement
of illuninance or irradiance. This collector design was f i rs t  described by Austin at-wi Lotad enut ilk ’.
Ad d it io nal detai ls  on a var iant  of this collector are provided by ~nith’.
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The de-njijnic t a i l g u - of a sensor t o t -  illunm najic - e :cterce:cts :tm water - h t C  -inc’s . - u t  m l  t .Utg e oi
.iep t hs om e n  -~h on t he im t n-em it-nt c_aim hen used - }or L- .LirnI I en in u i  c am ocean ~~c t — i t -  a d i  t t use  at t i-flu_at i ot:

ic len t t or v i s i t Ic h ,-ht u t  @ .  ~4 rn , a dvnumn ic t anc~e ~ i Id ’ - e - . , i t  or 1 ~‘ , ~UO t t - to 1 cJ t t - * -

be requi red  to pe rt c n-tfl I nne.msureunents ru-r the s::n .i r t o a dc -pt  o t  . 3d -- e t  e r~ w a t er  tI: a 1-
0 ‘m) ~ the - - inc i-.-narcc range- w~uId c’ required to _ a t t m i f l  equivI i .-t:t ~e.lS~~t - ~~v-fl t 5  t O  t i  !t-tCrS . ~:ie

.: ;-wt-l leng i i  1 : ru t ._ anc e , i~~ will be 10 to  00 t b ios sraller than the Jowr:well :1mg il 1:rmr: .u:cv irieC the w a t e r
reilecta_nce or iIl- .r.:n:amcce ratio will van-v t rcen about 0. Ul c u for c - cry c l ear  ; .j t e r  ~ ~u .2 ( 1 b r  turbid w_atc’r.

a result it  i~ e s - ul t ie to lini it the maX L’nUuu value for L~ to one tenth t h a t  used t o r  t d Since the
ins t rutient mus t operate it the sudace and the !us :ncri downw-ell trig i ll- .r:in.ucc t- mt t:’ t- ’ur ice 1 w  m t h  the
-Pun at the euith’ ts l2 OPit candelas per square foot , the maxijntrni scale values i r  s ’t h  i l l u n u n i o t . ,-rs
are - : e t er m m n e d . :hic-~ t he full scale value for  E d is 12 , 000 cd ’ft ~~ and for  

~~~ 
is i~~O cd-ft~~ - P~th

: 1 2 : r i t i c u r e t er  - ut’sv--t a n s  have anm~, l i fu e r s  wi th  r ertmtelv a d i u n - t a b l e  ga ins  in the sub-~ t .,ce unit that are
under -tiicro-~- r

uct.
~-so r control to provide decade gain u hanges , .iutut’ut icallu , as the 1 ~i~ht  level  requires .

TIus auto- ranging tt - .mture assures the o t t  Inner i u c r t urroumc e of the  illcrninomet t-: s over the rma x umgn lig ht
r.cn:gc - allow ed by the h_ asi c photodetector.

The .me_a- - :cre r iennt of  the’ n_ad it -  ii ’wOi I ing) 1 :mimnumce , L , — )  - _ a v be- co. u rnp l : shed with he _apwell ing
ill:n- :ticnct t- r by attachin g to i t , a Gershem or t a di ance  ~utu e having a c :r c u i a r  h eld of v iew subtendung
a sol id ang le of 0 1  steradiaxis (lml .25° h_a lf vertex ang le , cone). The lir ::nm_anc e t h u - n i  can t  be determined
h- divi_aing the d:sp laved illiiim jtt_ance value by the solid angle (i.e., in t h i s  case by divi Jing the
p w e l l i n g  i l Ic immi n ance by 0.1) .  The ful l s~ j le  n ad i r  luminanc e m almi e hu t-cones 12 , Ct~I) cd’f t -sr ’ since

t h e full scale E was selected to be 1200 cd .f t .

SLenctriil Ir_ an snm -- ucui”t-~~r

The spectral transmissianeter us an uimprcuved v e r s i o n  of the  i n s t rumen t  dt- -or :hed bu y ret:old and Austin ’
end incorporates a rctns~telv operated spectral filter charge r  f u r s t  used in en instrument b u i l t  t o t -  the
‘.jval A ir  t~nve1o~wnent Cencter . The opt ical path in water :s one meter in length , f lded at the middle by
nw’ans of a porro prism. The beam diameter is 19 millimeters at all posi tions along the path as a result
of the “c-e-Iendr i~ .m11v lu n it ed”  optical design. Thus all  m a y s , boUt in a i r  and in water , pass through all
stops and , as a cot:s~-~ :iennc t- , the transmissoeneter nay be c a l i b r a t e d  he- adjust ing the inst rument gains  in
ai r to obt.-u :n the app rop r i a t e  reading to account for the increased window reflec t ance losses that occur
en air  over those occurring in w-ater .  The f iv e  spi-otral hands cover the range from 450 to b30 nanometers
w i t h  band widths from 2S to St. nanometers. Channel zeros and gains are individuall y adjustable,

i hnd erwater Ens ur onnn er .t .ej Sensors

The depth sensor is an absolute rressure transducer of the low-lens-el s t ra in-gage  type with an overall
accuracy ~f 0.3S percent. An instrumentation amn~ lif ier in the subsurface sensor unit provides a vol tage
analog of the  ins t rum ent  depth to the data acquisition system. Full scale output corresponds to a depth
of 500 meters . The resolution imt~ osed by the di gitization is 0.25 meters and the accuracy limit of the
pressure transducer resul ts in nI . ‘5 meter depth accuracy . Os-erall depth -mt-asur enent accura cy is expec t ed
to be within the specified ~~.5 meters.

The ambient water tcr ’erature is sensed with a platinum resistance thermometer. The full scale range
us from 0 tO 40.0° Celcius , and the resolution is 0.1° Celcius. The accuraci should be well  w i th in  the
specified 0.5°C. I t  is lim ited by the calibration procedure and the stability of the associated circuitry
and not by the p la t inum resistance sensor. The purpose of the t eun~ erature measurement , however , is to
det ect changes in water tanperature rather than the hi gh accuracy , absolute temperature determinat ions
whi ch generally interest the physical oceanographer.

The a t t i tude  of the underwat er sensor unit is determined by a two-axis electrolytic roll and pitch
sensor. This device has a systematic non-linear response. The non-linearity has been measured and a
look-i4, table is stored in the microprocessor memory to perform the necessary correct ions to the measured
value before it is display ed or recorded. The pi tch and roll are measured over the range ±30° with a
resolution of 10 and accuracy of ~2° .

Surface Ilh erinometer

A gimballed illucn.inometer measures the illmin m nance incident on the ocean surface. It is intended that
thi s unit be unoumted on dec k in a location providing an umshadowed view of the full ski- . Its purpose is
to record the absolute level of E,_a, the illuninanc e input into the top of the water cohemum , arid its
variations during the period of underwater measurements. With  this information, correc t ions maw be made
to the E.J and E., reading s to account for the effects  of solar zenith ang le changes and thin clouds dur ing
the measurements. Maj or changes in surface ill  unin ance , as caused by dense clouds , would indicate the
need to use part icular caution in analyzing the da ta or , possibly, disca rding i t .
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,ni:m t _ dotmr, -r was onh - .  it u I e~ to  pr~ vtde  the rt~ u m red of 1 m o t e - n o v  end ‘tn t  -n t •‘pu. -r .c tog o h n i r . i c  t er 1- - t i cs  l’s

r e s tr  tot m Ig the i t i t ’u t  . ‘1 i_ age to 150 t o  I t.i) v o l t s  - ‘,~n ‘t t-. i n  b:e - n ’ , u ’ , u l  v tend hu.- mu id e rwa t  ~- n u i - omi t  I s  t rot :
under .1::,! ov or  cc - I t  age- excurs n -uris bes-ond the rated r L n n g e -  , a shun t n ‘ i~m i l i t  c u t  m d  Pt  l os I n c  e rel i. ,ii s~
- n u - t we r e  p i ~~~t~1 itt the  widerwater u n i t .  As a d t agn o n- t mc i ij  t o  t he  , :- ,- n . m t o m , t In e - ‘ , - t  c i v  do c o i i _ a ~t u. - us
s,-n : - c ~l and t r - u i s n n  t ted  to the surface where it i -  di  sj u l n iy t s j  on the n - t in  n m ,  c~ , onscu l e .

l ml fl~it a Ac.i~m isitie n _amid Cor~ oumJ 1r u i s r . i n s i on S e -n t u - n

‘ ct .m i s  n o n i t  end re-ce-iced serial lv over the 511) c u - I ’ - at a 230 0 t i m i d  r a t  t~ - st ~~,t ovo mo - a l t  c n t t i t  t ri g w i t ? :
receive o s o l  es -\ n r m ’ , - i c-nc\ - shift ket-ung (FSK1 method of n - s— . ini  i t t on  s_a s  ~~~p 1ovunJ . w i l t :  t I .  i rk  spac e-

- 
- 

t r . s ’ , :n v n n o  t e S s bc t r ig  S - 3 So : and 9 . b  ~ 1z , rest’os- i i  c c l v  The lu_ and r_ at e set  ec in was a .‘-
~~
‘ t o n ~~ so b- u t - I w u - .-t t

cO ’.:s~v tog ~an icc u-pt il-Ic ,Lu t a p i c k _ a g e  n-ate, end sun ft-ri ng an un_ accept at’ lv I .ir gu- itt. -:- . t n , -ri in he n- fI~ oat’ I e -
— :nC l i v  i s  mo n ::v.il I i ’, ’  I cs tog  on the s,~-id 

- n- c. t ice - os-ol Os w in- u i— ed to mvo id n - n- - t a t  1 ‘,~ t c t - i  clot hu r wu -on a
receiver and i t s  loc.m l I r a n n o n i u t t e r .

Ft gui• en S -end o shc~ - , respec tic -el -u - , hl~ck diagrams of the subsimrfa.n c and ,Ii i n t _ a l  t t o :n .nnt :  n- ion --u -.
~~ 

,-n-’s -

The —nih sur f coo unit — u- Is up the h_ as ic  s end- rece ive  cy c l e , tu rn ing  o f f  m t s  t rann n n i it t e r  a t  t ho mn-p t  .“ , i l j t e
mine o a l l ow  for  the surface t r ansimuss ion cs-c IC. The s u r f i c  c mire i t  , - u n i the other hand , n u t- na n in the

receive  —mock ’ u n t i l  svn-toh t o n i : n i ti o n  is establ ished . The n - t t n - t d c u’ un n t then proceed s to t rntrmsntii t a cha nnel
address and c,atiniand to  the subsurface emit. It then switc h:. -’ to  the rt~ ej ve  “xed e w h i l e  t h u  snn l - - i i r t  i ce  unit
send s the .lig it i :ed value cuf the analog s igru l for h i t  ch.u ifl~~l • a coo t t n : ~m t  ion w o n t , end 1 n - c  l i v  a unique
frame s-uri c word .
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Fig.  S. Itloc k diagram of data transmis sion .ind contro l se-st em. (subsur face en - m it t
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Fi g. 6. Block diagram of data transmission and control system (surface un i t ) .

- - Figure 7 illustrates the basic t iming of the system. The basic send-receive cycle is called a frame and
is forty clock cycles in dura tion resulting in a 16.67 millisecond period. A set of eight frames makes
up a data package. Hence all displays are upda t ed every 133.3 milliseconds.

COMPLEmE DATA PACKAGE
133.3 IlI LISE CORDS , 7 5 4 ,

I CHANNEL S CHANNEL I I CHANN EL I CHARNEL 3 CHANNEL I CHANNEL S I CHANNEL I I CHANN EL 7 I CHARN EL N I
• • • T EI PERTU RE 1 DEPTH ROLL PITCH LINK I UPRELL IRG IDOTNTELLIRCI TRA NS ITE • PR RTU R( I • • .

VOLTAG E INRADIA NCI IRRA DIAUCL SITTAR C E

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ENLARGED TYPICAL SEND / 00CEJVE CYCLE
NIT NAT O —2400 II, CHANNEL RAT E — A O Hi

l i i i  1 1 1 1  l i i i  l i i i  1 1 1 1 1 1  1 1 1 1 1 1 1 1
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Ii
Fig. 7. Dig ital data acquisition WB~ Control system t iming diagram .
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R&-nc ’rr imii ~ t c u t i t -  sut- u--iirf _ace block d i_ ag n cnn • —- u--tom o; -cr .i t I Ofl 0.131 ui - ~~t be Je-.~ r ihe-d Lw S t _ I  i t  trig at the
point  in I h o - m O - - t i n  t ice- t r a n s m i s s i o n  ce-ole whe- mi the receivesi da - roll t t ic  - u r t  _ a c e h.i:- n m i - - i  n i l  led the
reccivt- shi f t  ru- .~ i s t e r . -‘eE t h i s  t i m e  t h e~ c h _ u m u i e l  address is l a Tch e d  in tht- address rt-~’ i ster and dc-cod ed
t o route  t h e  o m i t a u wl word to i t s  proper l~ u t t  i - u n .  Ihe h g! t O  n - e d  output  I rom the p r ev i o u n -  channel along
w i t h  the cOflt i rn-i_a t m m  word is then t ran— I ~- rred otto the send shitt reg 1St er for  n-ubsetq uent s e r i a l  trans -
mi ssion to tht~ — l o t _ a c e .  The tbta A c q u i s i t i o n  ~v s tem (I~~S) is then present ed  w i t h  a new hanncl aduires :
and given a COTivt-rt comnimiand by the Ocint rol mini t - Ihe ln - h rucu ii i l_ atu r generates a Read Only ‘Ien~ (RGiI) -
deriv ed sinuso id  h a v i n g  a value of 5 -28t ~ lz foo- a nT_ark and 9.0 ~Jl: for a space. Since these frequencies
are der ived  from thd-  c n s t _ a l  con t ro l led  i- nih r at e  generator  there i s  no o t t e r  wi th respect to  the basic
c l oc k  r a t e  of ~~, -SOi-  hi: . The resul tan t FS~ 5m~ ni _ a l d r i v e - - a v o l t a g e - t o - c u r r e n t  c i u n c e r t e r  which is AC coup led
to th e 511) cab le .  flee low p_ a SS filter Ocfl lTt ’Ct t ’ci b t t w c e n i  ti me 511) cat -u le and the power cupp lien p rc’n~ent n- a
hugh impe-J tii cc- to the I ~-k frequenc ies .

- - The nubs urf i~ t ’ re - c e ic-er cons i s t t -  of a low I u ; i -  f i  I ter , l im i t e r , irwi fr equ eui cv disci im ina tor  - the output
- ‘ of which di re’ctlv drives the receiver shift re gi - t er . The frt -tiuemicv discriminator must tue timed precisely

to the center fru’quencs- of the FSK hand. Any appn- eciable drift in this st tt ing can cause a loss of s i g n a l ,
hence , components w i t h  good temp erature stahi 1 its- .ire used in  t h i s  part of the circuit r e-.

Surface System

The surface sc-stem is analogous to the subsurface w i t h  respect to the unxudulator - dean~~heda tom and up thi r uti g h
the shift  reg i s ter s .  One added tas k inipo sed upon the surface uni t c o n s i s t s  of e s t a b l i s h i n g  the b i t  and
frame s nc . This j s  accompli shed by a comparator circuit that looks for the sync word . At t h i s  t ime bit
sync is establ ished he’ c learing the counter used to count down the local 2400 II: from the c r c st a I  iu j l l _ a t O t .
Bit sb-nc is established only once per frame to prevent a false syn chroni :at ion on t r ans i en t s  that  can occur
during t i an s m i t t e r  swi t ch ing  between alternate send and receive cycles . The cr stmil stabilit y is adequate
to insure against  appreciable d r i f t  in the clock ra te  during the frame time.

Cornaj ids and sensor d_ a t a  enter and leave the transmission system c- ia  the o800 Microprocessor . The tr~uis-m i s s i o n  sy s t clns i-mire s at a predetermined ra te , as described , and independent of the microprocessor. At a
fixed p oin t in the cycle , under d i rec t ion  of the mult iplexer  control un i t , the processor is directed to
inia lti plex in , through an ei ght hit input port , the data received from the subsurface uni t together w i t h  the
surface address. The processor has already assembled the camvnand for the next surface transmiscion cycle ,
and this is subsequent ly loaded into the surface send reg is ter . IXiring the followirg u-r ame time the pro-
cessor, under direct ion of its prograni ,loads the panel disp lay s , reads the p.encl switches , performs scaling
and foo-mna tting operations and transmits data to the 983013 if requested .

Only one inpu t port is devoted to inputti ng switch data from the panel as well as deck cell data. Hence
a im al tip lexer is emp loyed , driven by a second ei ght bit output port. In a similar fashion , all output da ta
for the displays and the 11P98308 buffer is generated via a third output port. Here again the same address
decoder directs the data to the appropriate location. A third input port is available for future expans ion
of the . 83013 capabili ty to permit interaction between it and the 6800.

Cornand and Verification

In transmlssometer operation the operator may select one of five spect ral filters and one of three trans-
mission modes. The microprocessor cont inually reads the pane l switches which control these funct ions and
sends their di gi tized values below. Comparators in the subsurface unit cause the filter and mode wheels to
servo to the condition requested . The actual position of these filter and mode wheels is sensed and trans-
mitted topside. Should any discrepancy occw~, as would be the case during the executions of a change from
one condi tion to another , all F’ s appear in the transmittance disp lay and blinki ng rode li ghts are displayed
by the mode condition indicators. Thus the operator knows the exact state of the subsurface uni t .

Each waveleng th channel can be independentl y adjusted for zero and gai n . Individua l thesisbwheel switches
are available for each waveleng th channel . The processor reads these each data package cycle and applies
these factors to the data received from the subsurface unit. With the instrtDnent on the surface , the
operator would corn_and the dark condition and then apply the zero correction for each wavelength channel.
A transmittance mode would then he selected and the gain switches adjus ted to obtain the required air path
transni ttances.

In a simi l ar fashion the depth channel can have a front panel zero correction app lied to i t .

Both of the up and down illejninance channels emp loy variable gai n amp lifiers in the subsurface unit. (ain
can be changed in decade steps from xl to xl000 . The gain setting of these programm able amp lifiers is con-
t thua lly being transmitted to the surface. rkiring a calibration cs-d c the operator selects each channel in
turn and :eroe s i t  with the front panel switches. The processor then stores the value selected and app lies
i t  to the data whenever tha t gain setting is emp loyed be’ the auto-rang ing routine.
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When n u t en the calibration mode , the processor engages in an au to- rang in g o p e r a t i on  and au tomatica l ly
-cnaiids ~~n e- ;-ii :n es ~ gain possIble without overload. A ni~ntb er of reading s are averag ed by the program

bc”ore the con-rianJ to switch gain i s g ie-en by the processor . This is done to insure ~iga~nst alt  os i l l at o r y
or the se lect ion  of a gain s e t t i n g  based upon noisy si gnal condi tions .

~_ a c h  Onild ’~ channel is fed in to  a vol tage comparator as a chec k for an o v e r - c o l t _ a g e  or s a t u r a t e d  c c nd i r  ion.
f l i i s  t n t ’  i t t u n i  15 relay ed to the surface by turning on a bit in the s t a tus  word that is reserved for t h i s
pur i ’c ’— e .  )p on i receipt of this condition , the processor in turn disp lays all F’ s for tha t channel as a flag
Lu  the - 1- c - ra t er

Microprocessor Function

-V’ the d i - - i g n  for  the  -u v stmn progressed i t  became evident that a hard wired logic sy st em would have t o  hue
t’xceeding lv comp lex in order  to f u l f i l l  a l l  of the sy stem requirements.  F i r s t , a l l  data is t r a n s m i t t e d  in
‘mnaI ~- t o  n n n i n i u n i : e  t ransmission t i m e  vet all of the d i sp lays  and tha ~nhwiieel sw i t c h  i n p u t s  are in Bin_ar)
~hed I)ec in-la! ~~~D )  for operator convenience. In some cases , the data format differs between the- bfl’9830B

and the front panel; the former being in —c ientific notation whereas sonic cha nnels are disp lmivisi as int eger
plus dec imaL

• In ad d i t i on  to for m a t t i n g , a scale factor  is app lied to each channel so tha t  d a t a  can be disp l ayed en
engineering units , If this scaling were performed in the analog domain at the input to the I~AS in the sub-
surface unit there would be a loss in resolution in most cases . As an examp le , the - l~AS output range j~~ (1
to  ~)4 whereas f u l l  scale on the depth channel is 500 meters. If the scaling were done in the analog
Jonnuin , resolu t ion  would only be one meter as contras ted  to the one quarter of a meter  achiec-ed he’ ut ihi: ing

• the entire digi tal range of the DAS and performing the scaling in the processor.

As p rev ious ly  ment ioned , the processor controls the ca l i b r a t i on  of the i rradianee channels and their au to -
rang ing . ero and gain factors are also applied to the transmittance channels in the five spectral hands .

An add i t iona l  function performed by the microprocessor is the management of d_ata t r ans fe r  between the
ens t rement and the 983013. The two devices operate asynchronously- - the channel rates being 60 Hz and 18 H:
respectively .  Of the 9 channels of inf ormation sensed b>- the instreanient not al l  hac-e the s_anne significance
or t ime rate-of-change. The supp ly voltage in the underwater instrianent , for exaimiple , is of interest to
the operator but there is no requi rement for i t s  pel-manent recnord i ng . The roll and pitch are- likely to he4 slowl y chang ing and are used only as an aid to assessing data quality. The surface dow’nwelling il lenn inance ,
E0, should vare- slowly under most conditions suitable for data acquisition. Water temperature is usua l ly  a
slowly vax-c-ing variable at the normal rates of descent and is of secondary imp ortance to the overall  ins t ru-
intent mission. The remaining four channels , Ej, E~ , T and are the primary variables of interest and are
the ones expec ted to show the greatest rates of change. The rate at which the in-strennnent can be deployed
and retrieved will depend on the ver t ica l  var iab i l i ty  of Ed ,  E~ and T in the water column . W i t h  these
dif ferent  data recording requirements in mind , it was possible to optimize the recording by the 983013 in
the following manner. A basic f ive channel m u l t i p lexing cycle was used w i t h  a 3.6 11: cycle rate. The four
pr imary variables , downwelling il l ianinanc e , E,J ,  eq-iwelling i l l e an inance , E,4, transmittance , T , and dep th , ,
were incl uded in each cycle and the four remaining variables were submulti p lexed into the f i f t h  channel.
A to ta l  of four cycles is required in order to upda te a l l  of the ei ght data channels to be recorded . Thus
the complete da ta recording rate is 0.9 Hz , while a 3,6 Hz rate is obtained for the prima rs- v ar i ah l e ~ .
Figwe 8 i l lus t ra tes  this  sequence.
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Data Acqu i s i t i on  and Record~
- 

I Data s torage and presentat ion are hand l ed by the 983013 under progr am control .  Thus great flexibility is
available for calculating , formatting , p lotting and recording the data obtained with the instrument. In
addi tion to recording and plotting the measured variables , Ed, ~~~ L , T, and t , in real- t unic , i t is also
a relatively simple matter to calculate , record , and p lot the derived variables such as c , K~ . 

kd, ~~‘/Q~
- 

- and

A preliminary program for the 9830B , prepared by the U.S.  Naval ~~eanographic Of f i ce  for use with this
in-u treanent , functions in the following manner. The operator f i r s t  enters recordkeep ing information perti-

- - nent to  the data station. He then can request either a single data scan of all ei ght channels or a vertical
p rof i l e  of t ransmit tance  versus depth. If a record of the transmittance in the five spectral bands at a
fixed depth is required , for example , five single data scans would be requested with the operator changing
wavelength between each scan . An example of two such scans is shown in Fig. 9. If the operator requests
a vertica l profi le , the computer prepares a nam ing tabulation of all of the values of the measured van -
ables until the underwater sensor reaches a prestated max thnmi depth. Simul taneously, the Iff’9862A plotter
prepares a plot of transmittance versus depth. At the termination of the cast , the da ta may be permanently

- 
stored on the cassette tape in the 9830B for archiving purposes.
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Fig. 9. Sing le data scans (simulated data).

Figure 10 shows a section of a tabulation prepared in a laboratory simulated vertical profile and Fi g. 11
shows the corresponding plot.
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Fig. 10. Vertical profi le listing Fig. 11. Vertical transmittance profile
(simulated data). (simulated data).
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